Abstract-An important consideration for remote sensing measurements at 1.4 GHz (L-band) is radiation from extraterrestrial sources such as hydrogen. Unlike the cosmic background, this radiation is spatially and temporally variable in the local sky. Recent radio astronomy surveys are employed here to produce maps of equivalent brightness temperature with sufficient spatial and radiometric accuracy to improve approximations which have been used in the past.
I. INTRODUCTION
The spectral window at 1.413 GHz (L-band) is important for remote sensing of important parameters of the earth surface such as soil moisture and ocean salinity. However, at L-band one needs to know the brightness temperature of the extra-terrestrial sky to correct for "down-welling" radiation that is reflected from the surface into the receiver (e.g. [1] ). This contribution is of particular concern for remote sensing of sea surface salinity because the surface (water) is a good reflector and the salinity signal itself is relatively small [2] . The problem is exacerbated by the fact the down-welling radiation is not a constant across the celestial sky, being significantly stronger in the galactic plane. Previous estimates of the magnitude and distribution of galactic background radiation for use in remote sensing have been rather course (e.g. [2] [3] ). However, recent surveys of the radio sky at 1.4 GHz [4] [5] [6] [7] have made it possible to produce maps with sufficient spatial and radiometric accuracy to substantially improve the correction for remote sensing applications. This paper presents a modern map of the radiometric sky at L-band in the form of equivalent brightness temperature for use in remote sensing applications.
II. THE RADIO SKY AT L-BAND
There are three important sources of radiation within the L-band window at 1.413 GHz that originate outside of our solar system: The cosmic background radiation, discrete line emission from (mostly) hydrogen and a continuum emission such as is emitted by thermal sources.
1.COSMIC MICROWAVE BACKGROUND:
This background radiation is a remnant of the origin of the universe. Although recent cosmological research has focussed on details of its spatial distribution, these variations are small. For applications to remote sensing of soil moisture or ocean salinity from space, the cosmic background may be considered constant in both space and time at 2.7 K.
LINE EMISSION:
The window at 1.413 GHz was protected to study emission from a hyperfine transition in neutral hydrogen that occurs at 21.106 cm (1.4124 GHz). This radiation is concentrated around the plane of the galaxy, but clouds of hydrogen are widespread and no direction is observed without some such radiation. Several surveys of this source of radiation have been made [8] [9] [10] [11] but recently Hartman and Burton [6] reported a new survey using modern equipment. This survey was complemented by data collected by Arnal et al [7] that filled in the missing portions of the southern hemisphere. The result is data with sufficient spatial and radiometric resolution (0. suitable for calculating the effects on L-band radiometers used for remote sensing applications. The line emission has a very narrow spectrum and even with large doppler shift and thermal broadening, the spectrum of this radiation is less than a few MHz [11] . The two surveys mentioned above cover a frequency range of ±2.13 MHz (corresponding to a velocity range of ±450 km/s) about the frequency of radiation from hydrogen at rest 3. CONTINUUM RADIATION: This radiation is divided into thermal and non-thermal sources. Thermal sources have a spectrum similar to that of blackbody radiation. (At L-band, the Rayleigh-Jeans law applies and the spectrum varies as f 2 .) Non-thermal sources are sources whose spectra behave differently. An example, is synchrotron radiation from relativistic electrons, in which case the spectrum at L-band varies with frequency roughly as 1/f 0.7 (Chapter 8 in [11] ). The source of continuum radiation may be localized in space (discrete sources) or may be of a spatially continuous nature (diffuse or unresolved discrete sources). The source of the radiation is mostly galactic because these sources are closest, but there are also strong extra-galactic sources such as the "radio galaxy" Cygnus A (Table 8-9 in [11] ).
Several surveys have been made of the continuum radiation at 1.4 GHz [12] [13] [14] . None of these surveys cover the entire sky and they use different bandwidths and the measurements were made with differing sensitivity. For the most part, they consist of a map of discrete sources. For remote sensing applications, it is desirable to have the power from a particular direction from all the sources, discrete and continuous. The recent survey with the Stockert telescope at Bonn University [4] [5] provides data in this format. The antenna had a half-power beam width of about 0.5 o which makes it consistent with the spatial resolution of the survey of the line emissions from hydrogen described above [6] . The sensitivity of these measurements is about 0.05 K and the absolute calibration is 0.5 K. This survey covers the northern hemisphere and the southern hemisphere to -19 o declination. Data to complete the survey in the southern hemisphere has been collected at the Instituto Argentino de Radioastronomia (IAR) in Argentina and is to be released soon (P. Reich, private communications).
III. DATA IN REMOTE SENSING FORMAT
The goal of this paper is to present the data from the radio astronomy surveys in the form of an equivalent blackbody brightness temperature for use in remote sensing applications. That is, the data will be presented as an equivalent thermal source normalized such that the total power is P = kT B B . A ihqvquÃ B = 20 MHz is assumed (a reasonable useful maximum after allowances for filter shape at 1.4 GHz).
LINE EMISSION:
Both the surveys by Hartman and Burton [6] and Arnal et al [7] report power integrated over the spectrum of the line. The integrated power is given in Kkm/s. This was converted to K-MHz using the classical form for doppler shift)Ã Ã Ã 2Ã o (1 -v/c). Then, this value was divided by 20 MHz. The result is an effective brightness temperature, T B , which, when integrated over a receiver bandwidth of 20 MHz will give power received: P = kT B B . Of course, this makes sense only if the receiver bandwidth is centered on the line and is greater than ±2 MHz. The data can be converted for use with receivers with other bandwidth with the obvious re-normalization. The "U' shaped region of high brightness temperature is the plane of the galaxy (which is tilted in a celestial coordinate system).
CONTINUUM RADIATION:
The survey of Reich and Reich [5] was used for this radiation. The data is reported in Kelvin (equivalent brightness temperature) and given in celestial coordinates with a spatial of resolution of 0.25 o x 0.25 o . The data represent radiation from all sources within the beam, discrete and distributed and includes thermal and non-thermal sources. An exception is the discrete source, Cassiopeia A, which was too strong to be included. Radiation at the hydrogen line was excluded using a narrow filter. The receiver pass band had an effective bandwidth of about 18 MHz after correction for the filter to remove line emission. Since the bandwidth is relatively small, we have assumed that the spectral characteristics don't change significantly and have normalized the data to an effective bandwidth of 20 MHz. The data also include the cosmic background, and a constant 2.7 K has been subtracted here to separate the cosmic background. This data was re-gridded to 0.5 o x 0.5 o bins to be consistent with the line emission ( Figure 1 ). The result is presented in Figure 1 (bottom). The missing portion of the southern hemisphere will be included when that data is released.
IV. RADIOMETRIC BRIGHTNESS TEMPERATURE
The effective brightness temperature seen by a remote sensing radiometer will depend on the antenna employed. (Figure 1 ) and the output of the antenna (convolution with the data). Figure 3 shows all of the contributions (cosmic, line and continuum) and the sum after smoothing by the antenna. The peaks occur at the galactic plane and the dominant varying term is the continuum radiation. Figure 4 shows the entire sky after smoothing by the antenna. The galactic plane is evident even in the smoothed map.
V. CONCLUSIONS
Non-negligible and spatially varying sources of background radiation exist at L-band from sources outside our solar system. The magnitude depends on the antenna used. From Figures 2-4 is seen that with an antenna with a beam width of 10 degrees the magnitude of the variable part of this radiation is on the order of 3K. This is probably a marginal issue for remote sensing of soil moisture where the signal is large and the reflectivity at the surface small (on the order of 0.3). However, careful mapping of this radiation will be important for remote sensing applications such as the measurement of sea surface salinity where the reflectivity of the surface is large (on the order of 0.7) and the signal is small (0.5 K ~ 1 psu). 
